More than ten years have elapsed since Self-Compacting Concrete (abbreviated as SCC), which does not require consolidation, made its appearance. SCC has been applied in many construction projects, including ultra-large structures. To achieve excellent self-compactability in heavily reinforced areas, SCC should deform well under its own weight without segregation of ingredients. Therefore, research on SCC had been focused on improving both deformability and resistance to segregation. However, there was still no standard test for evaluating self-compactability and resistance to segregation of SCC. The authors developed evaluation test methods for simple application in the manufacturing stage and at construction sites. At present, these evaluation test methods are recommended as standard test methods in Japan Society of Civil Engineers specifications. At the time, it was still difficult to produce SCC of constant quality at ordinary ready-mixed concrete plants because facilities and quality control of materials had not reached the required level. For improved manufacturing and handling, an SCC with a viscosity agent (b-1,3-Glucan) was developed. It is possible to reduce quality fluctuations in a fresh state for commonly available materials and production facilities. At present, this type of SCC is defined as "Combination-type" in a recommendation of the Japan Society of Civil Engineers. This paper summarizes these evaluation test methods and introduces a Combination-type SCC developed to facilitate production and handling.
As the design of modern reinforced concrete structures becomes more advanced, the designed shapes of structures are becoming increasingly complicated and heavy reinforcing is no longer unusual. Furthermore, skilled labor shortage has become a serious problem in Japan, especially at construction sites.
More than ten years have elapsed since the unveiling of a prototype of High Performance Concrete (Ogawa 1989) by the research group of Prof. Okamura et al. This event marked the appearance of High Performance Concrete, which had a strong impact on concrete engineers at the time. Thanks to the social background of the worsening shortage of technically skilled workers at the time, brought about by aging and the shortage of workers as well as aggressive competition mainly among general constructors. The newly born Self-Compacting Concrete has been intensively and rapidly developed to become an important item at concrete construction sites. Self-Compacting Concrete (abbreviated as SCC) is defined as concrete that has excellent deformability, high resistance to segregation, and can be filled into heavily reinforced areas without applying vibration. To have excellent self-compactability in heavily reinforced areas, SCC should deform well under its own weight without segregation of ingredients. Providing that deformability under self-weight in the most common case in practical concrete placing, the slump flow test can be applied as an evaluation test for estimating deformability of SCC. However, there were still no standard tests for evaluating self-compactability and resistance to segregation of SCC at that time. Then, the authors developed evaluation testing methods (Shindoh 1990; for simple application at manufacturing stages and construction sites. The selfcompactability testing method using a U-shaped apparatus and the time-to-50-cm-flow testing method described below have been adopted as standard test methods by JSCE -the Japan Society of Civil Engineers (JSCE 1999) .
High deformability and high resistance to segregation are important properties of SCC. Since these properties are essentially opposite in nature, they tend to be sensitive to quality fluctuations of materials compared to conventional concrete when manufactured at ready-mixed concrete plants. It was still difficult to produce SCC with a constant quality at an ordinary ready-mixed concrete plant at the time, because facilities and quality control of materials had not reached the required level. For improvement of manufacturing and handling, the authors developed an SCC with a special kind of viscosity agent, which is derived from a biotechnology process. It is possible to increase resistance to segregation with commonly available materials and production facilities . At present, by JSCE recommendation (JSCE 1999) , this type of SCC is recommended as a Combination-type that is proportioned to provide the required self-compactability primarily by reducing the water-powder ratio (in effect increasing the powder contents) to achieve adequate resistance to segregation and using superplasticizer to impart high deformability.
Since the world's first application using the Combination -type SCC in 1991 for the main tower of a cablestayed PC bridge ) and building structures including concrete-filled tubes (Hayakawa 1992 (Hayakawa ,1995 , a total of 120,000 m 3 of field experience has been accumulated for the Combination-type SCC. It has been used for more complicated and larger-scale structures in recent years, such as an immersed tubetunnel with a full sandwich structure (Shindoh 1998) , the diaphragm walls of an LNG tank (Takagi 1996; Ohtomo 2001) , and large-section tunnels constructed with the Multi-Micro Shield Tunneling Construction method (Tanaka 2001 ).
As mentioned above, it has been more than ten years since the first practical use of SCC. Nowadays, structures built with SCC vary widely and each application requires different abilities. On the other hand, original m e t h o d s o f e s t i m a t i n g s e l f -c o m p a c t a b i l i t y, deformability and resistance to segregation and a process for deciding the optimum mix proportions of SCC with high self-compactability are still used now. This proves that this methodology is sufficiently effective. Therefore, it is very significant to relate these evaluation methods and introduce basic concepts of development of SCC for improved manufacturing and handling.
In the background as mentioned, this paper summarizes the practical evaluation testing methods proposed by the authors for applying SCC to actual construction. It also describes the concept of stability improvement versus quality fluctuation using the Combination-type SCC developed to facilitate production and handling of SCC.
Development of evaluation testing method for practical applications
2.1 Development of a test method for evaluating Self -compactability Self-compactability is defined as a capability of concrete to be uniformly filled and compacted in every corners of formwork by its self-weight without vibration during placing (Shindoh 1990) .
To evaluate the self-compactability of SCC in heavily reinforced areas, the U-shaped apparatus testing method ( Fig. 1) was developed for simple application in manufacturing stage and construction sites.
In this test method, the fill height "Bh" is measured and denoted as the self-compactability of SCC. If the fill height rises to a height of 30 cm or more, the concrete can be judged as having "good" self-compactability. At present, this evaluation test method is recommended as one of the standard testing methods described in JSCE specifications. Figure 2 shows an illustrative drawing of selfcompactability where deformability can be varied by simply changing the amount of superplasticizer. The self-compactability of SCC with a small flow value (small content of superplasticizer content) can be improved by increasing the slump flow (increasing superplasticizer contents). Self-compactability keeps on increasing until it reaches a maximum value and then declines due to the segregation of the concrete (segregation causes separation of the ingredients, clustering of coarse aggregate around the reinforcing steel, and a resulting obstruction in the flow of concrete). In this study, the optimum mixture was defined as the mixture at the maximum point of self-compactability curve (Fig. 2) .
That is to say, it is a mixture where only the superplasticizer content is adjusted until the highest possible fill height is obtained. Figures 3 and 4 show the results of a test series in which only the proportion of superplasticizer content was varied. It can be seen in these figures that increasing the superplasticizer content increases the deformability (slump flow value) but reduces the viscosity (as demonstrated by a pulling test described 
Evaluation for deformability of SCC
The deformability of SCC is evaluated with the slump flow test. The slump flow test is conducted in the same way as the slump test for conventional concrete. In the slump flow test, the deformability of concrete is expressed by the average base diameter of the concrete mass after the slump test (Shindoh 1991) . Figure 5 shows the relationships between the slump flow and the fill height in the U-shaped apparatus test. Such a slump flow range includes a water-binder ratio of 32-36%, powder content of 400-500 kg/m 3 , sand/aggregate ratio of 45-48%, and viscosity agent content of 0-1% of the unit water content. This figure reveals that a slump flow range between 60 cm and 70 cm leads to good selfcompactability. To be exact, the desirable range may vary from one proportioning condition to another. Also, the powder may include ordinary Portland cement, blast-furnace slag, fly ash, and silica fume. The desirable range of slump flow is therefore a collective criterion for many proportioning conditions with different types and quantities of powder and aggregate. Nevertheless, this method turned out to be an effective quality control index at a time when the correlation between self-compactability and deformability was still unclear, by quantitatively providing a range of deformability necessary for achieving good self-compactability for applying SCC to actual construction sites. SCC requires no vibration to fill all corners and spaces in formworks due to its good deformability and resistance to segregation. However, two mix proportions of SCC, which are judged by the U-shaped apparatus test to have equal fill height, may fill a specified formwork at different speeds. The process of filling takes time, even though the concrete can fill into formworks perfectly, if the concrete is relatively high in viscosity. This problem occurs since the velocity of deformation is not taken into consideration. The velocity of deformation is essential especially when the speed of construction is considered. SCC, which has excellent self-compactability but takes a long time to complete filling, is not considered appropriate in practice. It is therefore considered that the velocity of deformation is one of the parameters that have to be considered for quality control of the concrete.
Development of a test method for deformation velocity and resistance to segregation
A method was proposed for evaluating the velocity of deformation of SCC. The idea was to propose a method that is simple to carry out and requires no complicated instruments so that it can be applied to quality control at manufacturing stages as well as at construction sites. At present, the evaluation test is incorporated in the slump flow testing method of the JSCE recommendation as the time-to-50-cm-flow testing method.
(1) Evaluation method of velocity of deformation For a concrete mixture that exhibits no segregation when filling, the velocity of deformation varies depending on the boundary conditions, such as denseness of reinforcement and shape of formworks. The velocity of deformation was defined as the rate of increase in the diameter of concrete that is allowed to flow without any obstruction. The slump flow test, which is known as a test for the evaluation of the deformability of SCC, was used for evaluating the velocity of deformation. Slump Fill height Uh (cm) flow means the value of the diameter of flowing concrete at the time of measurement. By conducting a slump flow test, the slump flow vs. flow time curve of the concrete can be obtained by continuously recording the flow time at each step of the slump flow. The flow time means the elapsed time that is measured starting from when the slump cone is lifted to let the concrete flow out of the bottom of the cone to when the slump flow of concrete reaches the values required to measure flow time.
In this study, the slump flow vs. flow time curve was obtained by video-recording the flowing concrete from the beginning of the flow until the flow stopped, then measuring the slump flow and the corresponding flow time from the recorded video images.
(2) Local velocity of deformation and average velocity of deformation Considering the slump flow vs. flow time curve in Fig.  6 , the local velocity of deformation, which means the rate of increase of diameter of flow at a certain slump flow, is defined by the local tangent of the curve per the following equation (1): (1) where, v:local velocity of deformation (cm/sec), F: slump flow value (cm) and t: elapsed time from beginning of flow (sec) Differentiation with respect to time over the total flow domain of the curve in Fig. 6 gives rise to the local velocity of deformation vs. slump flow relation shown in Fig. 7 . Here, the average velocity of deformation (v av ) is defined per the following equation (2): (2) where, v av :average velocity of deformation (cm/sec), v:local velocity of deformation defined in eq. (1) (cm/sec) and F i , F j :initial and final slump flow value considered in the derivation of v av (cm) In this study, the range of slump flow utilized in the derivation of average velocity of deformation was from 40 cm to 60 cm. This means that F i and F j in equation (2) are 40 cm and 60 cm, respectively. The value of F i was taken as 40 cm because it took a few seconds to remove the flow cone so that the flowing concrete could be totally visualized. Furthermore, the flowing speed in the case of a very small slump flow can be affected by human errors, such as the cone removal speed, and cannot be observed without using a video camera since the flow speed is exceedingly fast immediately after the cone is removed. The value of F j was decided to be 60 cm since the velocity of deformation beyond 60 cm was very small and was considered insignificant from a practical point of view. Test results showed that the values of velocity of deformation beyond 60 cm are less than 10 % of the average velocity of deformation obtained using equation (2). Therefore, by considering F i = 40 cm and F j = 60 cm, equation (2) can be rewritten as equation (3) was utilized to derive the average velocity of deformation. The velocity of deformation of various mixtures of concrete was evaluated based on this average velocity of deformation.
(3) (3) Simplified test for field application In the case of field practice, it would not be convenient to utilize the value of average velocity of deformation, v av , as the parameter for evaluating the velocity of deformation of the concrete. This is because various measuring points from 40 cm to 60 cm of the flow must be measured. In addition, the calculation of average velocity of deformation using equation (3) has to be performed. Therefore, a simplified method was proposed as follows.
Define v 50 as the average flow velocity from immediately after the slump cone is removed to the time when the concrete flow reaches 50 cm, as illustrated in Figure 8 demonstrates the plot of the average velocity of deformation (v av ) vs. v 50 . The figure shows that there is a good linear correlation between vav and v 50 , which gives the standard deviation of 0.126 cm/sec. This result indicates that it is possible to utilize v 50 as a simplified parameter for evaluating the velocity of deformation of SCC. The parameter v 50 is considered useful for the quality control of super workable concrete in practice because it is more easily obtained than the average velocity of deformation. Therefore by only observing the flow time when the concrete flow reaches 50 cm with a stopwatch, the velocity of deformation of the concrete can be easily evaluated. It can be therefore considered that the method is appropriate for evaluating concrete with a flow greater than 50 cm.
(4) Applying velocity of deformation to evaluation of resistance to segregation In the beginning stage of study mentioned above, the evaluation of the velocity of deformation of SCC was proposed for evaluating the construction speed at construction sites and quality control at manufacturing stages. It is clear that there is a correlation between the velocity of deformation of SCC and viscosity depending on the resistance to segregation of SCC. It can be therefore considered that the evaluation method of the timeto-50-cm-flow is appropriate for evaluating a desirable range of resistance to segregation of SCC.
As an example, Table 1 lists the mix proportions and properties of the concrete in the fresh state in this test series. The superplasticizer used was a naphthalene-type superplasticizer and a viscosity agent (b-1,3-Glucan) was a kind of polysaccharide produced by a biotechnological process. It should be noted here that all of the mix proportions listed in Table 1 were obtained by varying the amount of superplasticizer until the largest self compactability, measured by the filling height, of each mixture could be obtained. The filling height that was introduced to be a parameter for evaluating selfcompactability of SCC was measured using the UShaped apparatus test. The measured values for all tested mixtures are shown in the final column of Table 1 . Figure 9 shows the relationship between the velocity of deformation of the concrete mixtures and the apparent viscosity of their mortars.
The apparent viscosity of mortar was measured using the apparatus shown in Fig. 10 . The mortar samples tested for viscosity were sieved from the corresponding concrete mixtures using a 5-mm sieve. The mortar was filled in a cylindrical vessel with a cross steel blade that simulated course aggregates. The cross steel blade was then pulled upward with three levels of constant pulling velocity. The pulling force was measured with a load cell. Viscosity was derived from the slope of pulling force vs. pulling velocity curve.
This testing method focused on the relative velocity between mortar and aggregates, and it was very effective to evaluate quantitatively resistance to segregation of SCC in the research phase.
It can be observed from Fig. 9 that when the viscosity of the mortar increases, the average velocity of deformation of the corresponding concrete decreases and there is a linear correlation between the reciprocal of average velocity of deformation and the viscosity of mortar, with a standard deviation of 24.9 g/cm/sec. This result suggests that the viscosity of mortar should not be excessively increased since it would make the velocity of deformation too slow. Finally, Fig. 11 shows the relationship between the fill height of the U-Shaped apparatus test and the timeto-50-cm-flow of several mixtures with the unit water content altered by +/-10 kg/m 3 . When the filling height is fully over 30 cm, which indicates "good" selfcompactability with suitable speed of construction, the time-to-50-cm-flow is found to fall in the range of 5 sec to 10 sec.
Strictly speaking, the desirable range of the time-to-50-cm-flow may vary depending on the type and quantity of powder and aggregate, similarly to the results of the slump flow mentioned above. However, this method turned out to be an effective quality control index that quantitatively provides a desirable range of segregation resistance to achieve smooth self-compactability for applying SCC to actual constructions.
Development of the combination-type SCC

Concept of combination-type SCC
To have excellent self-compactability in heavily reinforced areas, SCC should deform well under its own weight without segregation of ingredients. Therefore, research on SCC has focused on improving both deformability and resistance to segregation of concrete. Since high deformability and high resistance to segregation are essentially opposite in nature, they have a tendency to be sensitive to quality fluctuations of materials in comparison to conventional concrete when manufactured at ready mixed concrete plants and construction sites. For improvement of manufacturing and handling, the authors developed an SCC using a special kind of viscosity agent that is derived from a biotechnology process (Konno 1992) . It is possible to increase resistance to segregation with commonly available materials and production facilities.
At present, by JSCE recommendation, this type of SCC is recommended as a Combination-type that is proportioned to provide a required self-compactability primarily by reducing the water-powder ratio (in effect increasing the powder content) to achieve adequate resistance to segregation and using superplasticizer to impart high deformability.
The concept of Combination-type SCC is shown in Fig. 12 . This is a model comprising three performances: self-compactability, the final object of proportioning to produce SCC that can be placed in densely reinforced areas without applying vibration, and deformability and resistance to segregation to achieve such selfcompactability. When such proportioning factors as material fluctuations of unit water, surface moisture of aggregate and superplasticizer dosage, etc., are plotted on the X-axis, high or optimum self-compactability can be achieved by equilibrium of the deformation and resistance to segregation. The use of a viscosity agent increases the segregation resistance of a base concrete, which means that an increased amount of superplasticizer can further increase the deformation of the base concrete without segregation. Such synergistic effect on these performances leads to higher selfcompactability, which widens the acceptable range of good self-compactability, thereby widening the range of variability in which high self-compactability is ensured .
Development of suitable viscosity agent for SCC
There are various types of viscosity agent, which are utilized in the anti-washout under water concrete. With the use of those kinds of viscosity agent, the viscosity of concrete increases and this prevents the fine particles in the concrete from being washed out from the mixture when cast under water. Consequently, the concrete can be placed under water without deteriorating its properties or polluting the environment due to washing out of the fine particles in the concrete. Usually, the concrete has a self-leveling property, however it is too viscous to be able to fill heavily reinforced areas in the concrete formwork. Based on the concept mentioned above, the authors succeeded in developing a Combination-type SCC using a special kind of viscosity agent b-1,3-Glucan (Curdlan) (Nara 1994; Matsuoka 1997) , which is a kind of natural polysaccharide polymer derived from a biotechnology process. The chemical structure of b-1,3-Glucan is shown in Fig. 13 . It is a water-insoluble powder polysaccharide consisting only of b-1,3-Glucoside bonds produced by microbes. It is in the form of a white powder with a specific gravity of 1.44.
The purpose of the study was to illustrate the properties of b-1,3-Glucan by comparing the solubility, viscosity and other characteristics in a cement system with another viscosity agent. The results confirm that b-1,3-Glucan exists in the form of independent swollen calcium gel particles that have a negative electric charge on their surface. They also indicate that b-1,3-Glucan has the ability to increase the viscosity of cement slurry, and that it partly contributes to increasing the fluidity of cement slurry. The properties of b-1,3-Glucan and the mechanism by which such effect is produced are described below.
(1) Properties of b-1,3-Glucan in cement paste Table 2 shows the solubility of b-1,3-Glucan and a hydroxy-propyl-methylcellulose (abbreviated as MC) in various solutions such as water, NaOH solution, and binder slurry filtrates. Table 3 shows the materials used in the experiment, and Table 4 shows the composition of the powder slurry filtrate.
A 0.1 g of b-1,3-Glucan (1 % solution) or 0.025 g of MC (0.25 % solution) was dispersed into 10 g of the binder slurry filtrate, which was sampled, from powder slurry with a water/powder ratio of 45%. After centrifugal separation (at 10,000 G for 5 minutes), saccharide in the filtrate (obtained by filtering through a 0.8-micrometer Millipore filter) was determined quantitatively with the phenol sulfuric acid method.
It can be observed from Table 2 that b-1,3-Glucan is insoluble in water and saturated Ca(OH) 2 solution, nearly 100 % soluble in the NaOH solution, slightly soluble in the cement filtrate, and almost insoluble in the fly ash filtrate. On the other hand, MC is 100% soluble in all the solutions. Fig. 14 shows the condition of b-1,3-Glucan swollen in various solvents. Table 5 shows the volumetric ratio of a swollen particle to the particle in a powdered state, which was calculated from particle diameter measurements.
b-1,3-Glucan swelled about four times in water, about six times in the saturated Ca(OH) 2 solution, about 20 times in the cement filtrate, and about 10 times in the cement, blast furnace slag and fly ash blended filtrate. These differences of swelling in the various filtrates are , and Ca 2+ . Furthermore, an electric floating light scattering photometer was used to measure the zeta potential. The zeta-potential of swollen b-1,3-Glucan particles dispersed in the cement filtrate was minus 16 mV, indicating that b-1,3-Glucan exists as negatively charged particles in the cement system. The zeta-potential of MC cannot be measured because the methylcellulose is in a soluble state. It can be considered that negatively charged swollen b-1,3-Glucan particles disperse cement particles through electrostatic repulsion, which contributes to deformability.
From the above results, the segregation reducing effects of b-1,3-Glucan are delivered by absorbing free water in a cement system to form high-water-retention the calcium-bridge gel. Negatively charged swollen particles and the surface lubricating properties of b-1,3-Glucan contribute to the deformability of cement particles.
(2) Viscosity of cement pastes with b-1,3-Glucan Figure 15 shows the changes in the viscosity of a binder slurry mixed with a viscosity agent as superplasticizer was added. Where, a coaxial dual-cylindrical rotating viscosity meter was used to measure the viscosity of a cement paste that consists of cement, blast furnace slag and fly ash with water/powder of 40%. The viscosity of the cement paste mixed with b-1,3-Glucan decreased as the water reducing agents were added, while that of slurry mixed with MC did not decrease but increased as a naphthalene sulfuric acid water reducing T. Shindoh and Y. Matsuoka / Journal of Advanced Concrete Technology Vol. 1, No. 1, 26-36, 2003 33 (ppm) (ppm) (ppm) agent was added. This is probably because the absorption of water reducing agents into cement particles required to exert the dispersion effects of the agents is hindered by the MC, which is nearly 100% soluble in cement. On the other hand, it can be considered that superplasticizers deliver their dispersion performance because b-1,3-Glucan is almost insoluble in cement and exists in the form of swollen independent particles. Figure 16 shows an example of the influence of various water contents on slump flow, the time-to-50-cm-flow and the fill height 'Bh' in a test series. Table 6 shows the mix proportion of SCC used in this series and Table  7 shows the properties of the materials used. For each mix, superplasticizer content was adjusted to produce a slump flow in the range of 60 cm to 70 cm, so that a fill height of more than 30 cm was obtained on the Ushaped apparatus test. As the fill height was largest by adjusting the superplasticizer content, slump flow became 60 cm on a base mix proportion in Case 1, it became 65.5 cm in Case 2, and it became 67.5 cm in Case 3. Every time the amount of viscosity agent was increased, the time-to-50-cm-flow became 6.5 seconds, 7.5 seconds and 8.1 seconds, which indicates a tendency of deceleration. The range of water content fluctuation was ±2.5 kg/m 3 when the fill height was lower than 30 cm in Case 1. In Case 2 and Case 3, when a range of water content fluctuation was from -7.5 kg/ m 3 to +5.0 kg/m 3 , the fill height remained greater than 30 cm. This indicates that the addition of the viscosity agent reduces variations in selfcompactability when the water content fluctuates.
Role of viscosity agent for self-compactability of SCC
It was confirmed that the method of using the viscosity agent can increase the deformation of the base concrete without segregation and then lead to achieve high optimum self-compactability, thereby widening the range of variations over which good self-compactability is ensured.
Conclusions
The following conclusions can be drawn based on the findings of this study.
(1) To evaluate self-compactability of SCC in heavily reinforced areas, the U-shaped apparatus testing method was developed for simple application in manufacturing stages and at construction sites. The fill height measured by the U-shaped apparatus test is an index of selfcompactability of SCC.
(2) The fill height can be improved by increasing the slump flow of SCC. Further, the fill height keeps on increasing until it reaches a maximum value and then declines due to the segregation of concrete. The optimum value of the fill height is defined as the maximum point of self-compactability.
(3) The deformability of SCC is evaluated with a slump flow test. A slump flow between 60 cm and 70 cm leads to good self-compactability. To be exact, this desirable range of slump flow may vary from one proportioning condition to another. Nevertheless, the desirable range turned out to be an effective index for achieving satisfactory self-compactability at construction sites.
(4) The velocity of deformation of SCC is one of the parameters that has to be considered in construction speed and quality control. To evaluate the velocity of deformation of SCC, the time-to-50-cm flow testing method was developed for simple application in manufacturing stages and at construction sites.
(5) There is a correlation between the velocity of deformation of SCC and the viscosity of its corresponding mortar. There is also a good linear correlation between the secant velocity of deformation at slump flow of 50 cm and the average velocity of deformation. Therefore, it can be considered that the evaluation of the time-to-50-cm-flow is appropriate for evaluating the desirable range of resistance to segregation of SCC.
(6) In SCC with suitable self-compactability, the time- to-50-cm-flow is found to fall within the range of 5 sec to 10 sec. To be exact, the desirable range of the time-to-50-cm-flow may vary from one proportioning condition to another. Nevertheless, the desirable range turned out to be an effective index for quality control and achieving satisfactory self-compactability at actual construction sites.
(7) A conceptual model comprising three performances, i.e. self-compactability, deformability and resistance to segregation of SCC, was proposed. High or optimum self-compactability can be achieved by the equilibrium of deformability and resistance to segregation (8) The use of a viscosity agent increases segregation to resistance of a base concrete, which means that an increased amount of superplasticizer can further increase the deformability of the base concrete without segregation. Such synergistic effect leads to higher selfcompactability and widens the acceptable range of good self-compactability. Based on this concept, a Combination-type SCC with a special kind of viscosity agent, b-1,3-Glucan (Curdlan), was developed.
(9) b-1,3-Glucan is a kind of natural polysaccharide polymer derived from a biotechnology process and it is a water-insoluble powder polysaccharide consisting of only b-1,3-Glucoside bonds produced by microbes. b-1,3-Glucan is almost insoluble in a binder slurry filtrate, such as cement slurry filtrate, and exists as a calciumbridge gel.
(10) The segregation reducing effect of b-1,3-Glucan is delivered by absorbing free water in a cement system to form high-water-retention calcium-bridge gel. Negatively charged swollen particles and the surface lubricating properties of b-1,3-Glucan contribute to the deformability of cement particles.
(11) It was confirmed that the conceptual method of using a viscosity agent can increase the deformability of base concrete without segregation and then lead to high optimum self-compactability, thereby widening the range of variations over which good self-compactability is ensured. T. Shindoh and Y. Matsuoka / Journal of Advanced Concrete Technology Vol. 1, No. 1, 26-36, 2003 
